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Method of producing semiconductor elements using a test structure ^ 

EPO - DG 1 

2q 1Z 2Q0Z 



The present invention relates to a testing of the production of at least one 
semiconductor element in a semiconductor substrate. 



United States patent 6,054,721 discloses a method of producing semiconductor 
elements on a semiconductor wafer using a predetermined test stracture that is produced on 
the same semiconductor wafer during the fabrication of the semiconductor elements. In order 
to detect undesired connections between conductive structures within the multiple layers on 
the senaiconductor wafer, the prior art discloses a method of producing finger shaped layers 
in the test structure comprising conductive layers reflecting the same distances and 
orientations with respect to one another as in the semiconductor elements to be produced. 
The conductive layers in the test structure are designed such that they can be easily connected 
to a test arrangement for supplying voltages to the conductive layer, in order to test undesired 
shorts between them. If the test structure shows an undesired electrical short, most probably 
the semiconductor elements on the same semiconductor wafer will also show similar 
undesired shorts. 

In nowadays 0. 1 8 micron technology (and smaller), the test stracture provided 
by this prior art document is not suflacient anymore. There is a need for an improved method 
of detecting-defects diBdbi^^ smaller);- - " . . - 



Therefore, the invention provides a method of producing at least one 
semiconductor element in a semiconductor substrate, the semiconductor element having a 
plurality of cell types, the method comprising: 

producing at least one test structure on the semiconductor substrate, 

comprising a predetermined number of test cells having cell types similar to 

one or more of the plurality of cell types 

each of the cell types having at least a first and second local interconnect layer 
structure, respectively, to be connected to predetermined supply voltages 
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2 19.12.2002 
during use, aplurality of first and second polysiUcon layer structures, 
respectively, to provide control voltages to first and second electronic 
component structures, respectively; 

connecting in flie test structure all of the plurality of the first polysilicon layer 
structures to one another to provide an interconnected first polysilicon layer 
structure, and connecting in the test structure all of the plurality of the second 
polysilicon layer structures to one another to provide an interconnected second 
polysilicon layer structure; 

providing predetemiined test voltages to the first and second local interconnect 
layer structures, and to the interconnected first and second polysiHcon layer 
structures, respectively; 

measuring cunents resulting fiom the test voltages to identify production 
errors. 

By interconnecting all of the first polysiHcon layers structures to one another 
and interconnecting all the second polysilicon layers structures in the test structure to one 
another there are basically four conductive different structures in the test structure. By then 
providing different voltages of a predetermined value between those four conductive 
structures, several kmds of potential electrical shorts or leakage entreats can be easily 
estabUshed. If the test structure shows such undesired shorts or leakage currents, it may be • 
20 assumed that the semiconductor elements show these lands of defects too. 

Preferably, the test voltages are selected such that at least one of the following 
production errors may be determined: 

one or more electrical shorts between the first and second polysilicon layer 
structures; 

one or more electrical shorts between at least one of the first and second local 
interconnect layer structures and at least one of the first and second polysiHcon 
layer structures; 
n-gate oxide leakages; 
p-gate oxide leakages. 

The present invention also relates to a semiconductor substrate comprising at 
least one semiconductor element, the semiconductor element having a plurality of cell types, 
and at least one test structure comprising a predetemiined number of test cells having ceU 
types similar to one or more of the pluraHty of cell types, each of the cell types having at least 
a first and second local intercomiect layer stmcture, respectively, to be comiected to 
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predetermined supply voltages during use, a plurality of first and second polysilicon layer 
structures, respectively, to provide control voltages to first and second electronic component 
structures, respectively, in the test structure all of the plurality of the first polysilicon layer 
structures being connected to one another to provide an interconnected first polysilicon layer 
5 structure, and in the test structure all of the plurality of the second polysilicon layer structures 
being connected to one another to provide an interconnected second polysilicon layer 
structure. 

Finally, the present invention relates to a semiconductor device comprising 
such a substrate. 

10 



The present invention will be illustrated with reference to some drawings 
which are only intended to explain the present invention but not to limit its scope, which is 
only limited by the scope of the annexed claims. 
1 5 Figure 1 shows schematically a wafer and a plurality of reticles on the wafer 

during production of semiconductor elements; 

Figure 2 shows schCTciatically one of the reticles of figure 1; 

Figure 3 shows schematically a blockdiagram of a test structure; 

Figure 4 shows schematically a top view of a portion of a YEM cell in the test . 

20 stmcture; 

Figure 5a shows schematically a top view of a four transistor construction in 
the semiconductor element to be tested; 

Figure 5b shows schematically a top view of a four transistor cell in the YEM 
-" structure : - ^ ^ . 

25 Figures 6a and 6b show equivalent electrical circuits of the structures shown in 

figures 5a and 5b, respectively; 

Figure 7 shows a schematic lateral section of two transistors of the equivalent 
cinnrit of figure 6b. 



30 



Figure 1 shows very schematically a circular wafer 1 made of a semiconductor 
material, e.g., silicon or any other applicable semiconductor material known to persons 
skilled in the art. The wafer is, e.g., 200 mm in diameter. 
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During production ofsemiconductorelanents on the wafer 1, apluralityof 
reticles 2 are produced on the wafer 1. There are. e.g., 50 of such reticles 2. The reticles 2. as 
IS known to persons sldlled in flie art. may have the form of a square. Every reticle 2 
comprises the same semiconductor elements. When the production of the semiconductor 
5 elements is ready, the reticles 2 are separated from one anotixer by sawing, as is known to 
persons skilled in the art. 

Figure 2 shows an example of a reticle 2. The reticle 2 comprises aplurality of 
semiconductor elements 4. Figure 2 shows two of such semiconductor elements 4, however, 
there may be present many more of such semiconductor elemeats 4. A saw Ime 7 shows 
10 where the reticle 2 will be separated &om its neighbour's. . 

As is known to a person skilled in the art, tiie area 6 where tiie reticle 2 is 
separated from its neighbour's, maybe provided with v«y sm^aU product characterisation 
modules PCM. These PCa^s comprise test structures providing a hmited possibiHty of 
characterising the process to produce the semiconductor elements 4. 
15 The reticle 2 may also comprise one or more process evaluation modules PEM 

3. Such PEM's 3 are also known from tiie prior art and are used to measure process 
parameters as well as the data used for process development. 

The reticle 2 also comprises at least one yield evaluation module YEM 5. Also 
YEM's are known from the prior art and are used for puiposes of yield verification. A limited 
10 number of these YEM's is available in view of the limited reticle surface o^ e.g., 4 cm^ 
The present invention relates to a modified YEM structure used for testing. 
Figure 3 shows how the YEM 5 may be designed in accordance with the 
invention. The YEM 5, e.g., comprises 16 different cell structures 5 (1), ... 5 (16). Each of 
thecells5(i),i= 1, ... 16, comprises aplurality of semiconductor elements with similar 
5 stiucture as the semiconductor elements 4 to be tested. Figure 3 shows that these cells 5 (i) 
are ananged m 8 columns and 2 rows. However, there may be provided other mmibers of 
cells in other arrangements. 

It has been found, that, in most cases, a limited number of cells (e.g. 16 as m 
tiie example of figure 3) may aheady be representative of a very large number of the 
) electiical components in flie semiconductor elements 4. For instance, the table below shows 
that 16 cells witii flie highest number of electrical components in a DSP block (DSP = Digital 
Signal Processing) in tiie semiconductor elements 4 may cover about 70% of tiie total area 
covered by the DSP block in tiie semiconductor element 4. Therefore, designing the YEM 5 
witii 16 cells witii similar electironic components as in the semiconductor element 4 results in 
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having a test structure representative of the majority of electronic components in the 
semiconductor elements 4. 





cell 


# 


function 










1 


nd2 


3508 


input NAND 


2 


rdinr_fdlsqx2 


2290 


flip flop 


3 


IV 


2057 


inverter 


4 


ao2 


1777 


input BOOLEAN 


5 


ao3a 


1207 


input BOOLEAN 


6 


gate_dec^9 


1158 


decoupling cell 


7 


mux21 


1021 


input MUX 


8 


nd3 


927 


iiq)utNAND 


9 


xa2 


905 


input NOR 


10 


nd2a 


575 


input NAND 


11 


ao7a 


551 


input BOOLEAN 


12 


eD2 


479 


input 

OBSOLETE 


13 


ao2n 


448 ^ 


input BOOLEAN 


14 


bfltx2 


428 


plain BUFFER 


15 


a06 


344 


input BOOLEAN 


16 


eo2 


332 


input 

OBSOLETE 












eo2 
















total added area 


0.462 mm2 






total area dsp 


0.666 mni2 














covered 


69.4% 





Figure 4 shows a top view of an example YEM cell portion in accordance with 
the invention. The YEM structure comprises a plurality of electrical components that are 
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m^m^ m ap^dctemuned way in orferto be able to pcrfbnn tte desu«i elecMoal 



tests. 



Kgure 4 abows fc„r mrtal linea/comeoaana 16 (I), 16 (2). 16 (3). 16 (4) of a 

«"-etallayerontop„ftbeoenam«„„.BelowtbemeWUne. 16(1)... ,6(4) ttereare 
5 .--^^•ve.U.oealin.e„=<».ec«»,ayer(LlL^ 
-te^^^onlaye^arcmadeofpol^^^^^^ 

<wmetal,asislmowntoaperaonsldUedintheart. 

m a layer below the metal lines 16 (1), ... 16 (4). there a« provided 

10 TT'^'^r '''"■"^''''•"^^''^'-^'-'"-'-■vol.ages.ocon.^ltbe 

10 ~°f''>=tr-is.«r..te«:epre.en.s.n«u«.,teearea,l^ 

po^hcion layers where portions of o.« »et are aUowM to show elecHoal ^ to 
porttonsofthe other one. »i»unnsH> 

The test arttcture also ooinmses source and drain regions 18 

15 nclv^ir , ^!"^°°"'^''°^""'^'"^'^'«W....16(4)andunderIying 
15 Pol3«>l'<»nlayersl2andIJL10areindicatedwiareferencenumbersI4 

stmc.. ^'^^ of*' VEM oell is similar to. but no. equal to the associated oeU 
tr^ used m the senuconductor elements 4. -n^ Win be further explained 

.0 figures 5aand5b. m^xordancewiththeinvention. inthe VEM structure, fl,epolysih^ 

structure 12. ,1.0 str,^ , 0, as weu as the source and d^n 1 8 are «,u:i .0 L 
.0 respe^e same a.^ in fl.e original electrical components in .he semiconductor element, 4 
^y«»me«lines 16 (1, .... ,6 (4) and a.eir com.ections to underlying strucJl^e 
been amended to provide for an easy test enviromneat 

'"«^^^*<'-^»°°"8i^totraa.istorceUofasemiconducb,rel«nen.4 
^J"'5"'*°wsapo.flonoffig„re4onaneul.rgedsoaleandreaec.showfl»„ri8inal ' 
structureoffigureSaismodifiedinthcYBMcell. The s«ne reference numbers astfigure 
4 .fer to the same areas. So. figure 5a shows a structu« of which potential produc«„n 11 

^fl«thasbeenchangedre,attvetoflgure5aasflrrfl,er«.pWnedbelow.Figure5as^^^ 
»atfl,eongmalstruct«recon^„fl.ermetalIines.bereindentifiedwift 15(1) 15,5, 

^ 0(2) (a^ nonnany also to gromrd). whereas in flg^ 5b. the corresponding meta, ^ 

15 IX 15(4) haveother areas and com^ectionsttocorrespondingmetal lines 1^ 

... 16(3) m figure 5b. E.g,. metal line 15(1) in figure 5a is competed both to a UL 10^',) and a 
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source/drain area 18 whereas in figure Sb, metal line 16(1) is only connected to the LIL 
10(1). 

The metal line 16 (1) is to be connected to a first power supply voltage, 
whereas the metal line 16 (4) is to be connected to a second power supply voltage. 
5 Figures 5a and 5b show that in the fom: transistor cell arrangement th^e are 

two different polysilicon lines 12 (1), 12 (2). Regions 18(1) and 18(2) define source and drain 
regions for the four transistors. 

Metal line 16 (2) is used to interconnect all polysilicon layer structures 12 (2) 
in the entire cell, and the metal line 16 (3) is used to interconnect all polysilicon layer 
10 structures 12 (1) in the entire cell. 

Figure 6a shows an equivalent electronic circuit of the structure shown in 
figure 5a, It comprises four transistors Tl, T2, T3, T4. All the trajosistors are MOS 
transistors. Transistors Tl -and T2 are PMOS transistors, whereas transistors T3 and T4 are 
NMOST transistors. The transiistors Tl, T2 have sources coimected to a power supply Itue 
15 Vdd, e.g., 1 .8V. The drains of the transistors Tl, T2 are connected to one another and provide"' 
an output Outp Z. 

The drains of the transistors Tl , T2 are also connected to a source of tiransistor 1 
T3. Transistor T3 has its drain D connected to source S of transistor T4. Transistor T4 has its ^ 
drain D connected to power supply voltage Vss, e.g., being on ground level OV. 
20 Transistors T 1 , T3 have gates coimected to a common input line Inp A: 

Transistors T2, T4 have gates connected to an input line Inp B. • - 

Figure 6b shows an equivalence circuit of the structure shown in figure 5b. It 
also shows a four transistor cell, however, arranged in a sUghtly different way than the 
sthictufe6f~fig^6ii'Tii^^ . 
25 structures. Transistors T5, T6 are arranged as a first CMOS stracture having gates coimected 
together to the polysilicon line 12 (1), also indicated in figure 6b with "poll". 

Transistors T7, T8 are arranged as a second CMOS structure having their gates 
connected to a second polysiUcon line 12 (2), in figure 6b also indicated with "pol2". 

Moreover figure 6b shows how the areas 16 (1), 16 (4), 18 (1), 18 (2) 
30 correspond to electrical connections of the equivalent electronic circuit. 

Although the equivalent electronic circuit of figure 6b differs firom the 
electronic circuit of the electronic components in the semiconductor elements 4, as shown in 
figures 6a, the basic structures of LIL 10, polysilicon 12, and source and drain regions 18 do 
have the same relative locations in the YBM stracture. Only the way they are interconnected 
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in the YEM structure by the metal lines 1 6 (1). ... 1 6 (4) differs such that an easy test 
measurement can be performed. 

The arrangement of figure 5b allows for instance to made the foUowing test 
measurements in the YEM structure, as indicated in the table below. 





poll 


pol2 


mi 


hl2 




[VJ 


m 


m 


m 


polpol shorts 


0 


1.8 


1.8 


0 


polLIL shorts 


0 


0 


1.8 


1.8 


Nmost leakage 


1.8 


1.8 


1.8 


0 


Pmost leakage 


0 


0 


1.8 


0 



Where; 

polpol shorts = electrical shorts between poll and pol2 structures in the YEM 

structure; 

polLIL shorts = electrical shorts between one or more of the poll and pol2 
structures and one or more of the LIL and LILl and LIL2 structures (cf figure 6b); 

Nmost leakage = leakage currents through the Nmost T6, T8 (cf. figure 6b); 

Pmost leakage = leakage currents in Pmost T5, T7 (cf. figure 6b). 

After applying the voltages as indicated in the table above, no currents may be 
detected when the structures are located correctly. If cmrents (above a predetermined 
threshold level) are detected, one or more of the errors indicated above are present. If these 
errors are present in the YEM structure, one can conclude ftat, most probably, similar defects 
are present in the semiconductor elements 4 in the same reticle 2. 

Figure 7, finally, shows a schematic lateral view of transistors T5 and T6 of 
the circuit shown in figures 5b and 6b. The transistor T5 is connected with its source 26 to 
Kll line 10 via a contact 36. Transistor T5 comprises a gate 27 separated from an NweU 22 
by means of an insulating layer (not shown). Transistor T5 comprises a drain 28. 

Transistor T5 also comprises an N+ region 24 connected to Ull line 10 via a 
contact 38 for providing the NweU 22 with an appropiate bias voltage. 

Transistor T6 is arranged dkectly in a P substrate 20 and is provided with a 
drain 30, a source 32 and a gate 3 1 . The source 32 is connected to lil2 line 1 0 via a contact 
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40. Transistor T6 comprises a P+ region 34 connected to lil2 line 10 via a contact 42 for 
providing the substrate with a proper bias voltage. 

The gates 27, 31 of the transistors T5, T6 are interconnected by polysilicon 
line 12 (1) (poll). 

5 Although the present invention has been illustrated with reference to a four 

transistor structure (jSgures 5a and figures 5b), and especially with a CMOS structure as a test 
structure (figures 5b and 6b), the present invention is not limited to these types of electrical 
components in the cell structures. Other cell types and electrical components in the 
semiconductor elements 4 and in the YEM structure may be provided. 
1 0 Moreover, ttie present invention is in no way Ihnited to the doping types given 

in, e.g., figure 7. Other dopings may be provided, if necessary. 
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CLAIMS: 2 0 12. 2002 



1 . Method of producing at least one semiconductor element in a semiconductor 
substrate, flie semiconductor element having a plurality of cell types, the method comprising: 

producing at least one test structure on said semiconductor substrate, 
comprising a predetermined number of test cells having cell types similar to 
5 one or more of said plurality of cell types; 

each of said cell types having at least a first and second local interconnect 
layer structure, respectively, to be connected to predetermined supply voltages 
during use, a plurality of first and second polysilicon layer structures, 
respectively, to provide control voltages to first and second electronic 

10 component stmctures, respectively; 

connecting in said test structure all of said plurality of said first polysilicon 
layer structures to one another to provide an interconnected first polysilicon 
layer structure, and connecting in said test stmcture all of said plurality of said 
second polysilicon layer structures to one another to provide an interconnected 

1 5 second polysilicon layer structure; 

providing predetermined test voltages to said first and second local 
interconnect layer structures, and to said interconnected first and second 
polysiUcon layer structures, respectively; 

- _ measuring currents resulting firom said test voltages to identify production 

20 errors* 

2. Method according to claim 1, wherein said plurality of said first and second 
polysilicon layer stmctures, respectively, are interconnected to one another, respectively, 
using metal connection structures. 

25 



3* Method according to claim 1 or 2, wherein said test structure comprises 

CMOS transistors. 
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4. Method according to any of the preceding claims, wherein said test voltages 
are selected such that at least one of the following production errors may be detemiined: 

one or more electrical shorts between said first and second polysilicon layer 
structures; 

one or more electrical shorts between at least one of said first and second local 
interconnect layer structures and at least one of said first and second 
polysilicon layer structures; 
n-gate oxide leakages; 
p-gate oxide leakages. 

5. Method according to any of the preceding claims, wherem said at least one 
semiconductor element is located in one of a pluraKty of reticles on a semiconductor wafer. 

6. A semiconductor substrate comprising at least one semiconductor element, the 
semiconductor element having a pluraUty of cell types, and at least one test strucfttte 
comprising a predetermined number of test cells having cell types similar to one or more of 
said plurality of ceU types, each of said cell types having at least a first and second local 
intercomiect layer structure, respectively, to be connected to predetermined simply voltages 
durmg use, a plurality of first and second polysilicon layer structures, respectively, to provide 
control voltages to first and second electronic component structures, respectively, m said test 
structure all of said plurality of said first polysiUcon layer structures being connected to one 
another to provide an interconnected first polysiUcon layer structure, and in said test structure 
all of said plurality of said second polysiKcon layer structures being connected to one another 
to provide an interconnected second polysiUcon layer structure. 



7. 



A semiconductor device comprising a substrate according to claim 6. 
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ABSTEIACT: 



Testing production of semiconductor elements on a substrate, the 
semiconductor element having a plurality of cell types, by providing at least one test structure 
on the substrate with a number of test cells having cell types similar to one or more of the 
plurality of cell types, each of the cell types having at least a first and second local 
5 interconaect layer structure, respectively, to be connected to predetermined supply voltages 
during use, a plurality of first and second polysilicon layer structures, respectively, to provide 
control voltages to first and second electronic component structures, respectively, connecting 
in the test structure all of the plurality of the first polysilicon layer structures to one another 
to provide an interconnected first polysilicon layer structure, and connecting in the test 
10 structure all of the plurality of the second polysilicon layer structures to one another to 

provide an intercoimected second polysilicon layer structure, providing predetermined test 
voltages and measuring currents resulting firom the test voltages to identify production errors. 
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FIG. 7 



